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MEMORANDUM FOR FILE 

The a t t a c h e d  mater ia l ,  p r e p a r e d  f o r  Thomas M .  Crawford,  
MAP,  on J a n u a r y  28, summarizes  t h e  development  t t u s  o f  t h e  
d e s c e n t  e n g i n e  as d e r i v e d  from t r i p  r e p o r t s ( l ) , Q 2 7  and o t h e r  
s o u r c e s .  It i s  o f  p a r t i c u l a r  use i n  d e s c r i b i n g  e n g i n e  d u t y  c y c l e  
h i s t o r y  and e n g i n e  pe r fo rmance  e s t i m a t e s  and  r e q u i r e m e n t s .  

2 031-RRS-sam 

copy t o  
(See n e x t  p a g e )  

R .  R .  S c h r e i b ,  Jr. 

I 
i n s  i n r o r r n a t i o n  

t i o n a l  Defense o f  t- - 
t h i n  t h e  meaning af' 

Downgraded a t  i n t e r v a l s ;  t h e  Espion  aws. T i t l e  1 8 ,  U , "  2 
d e c l a s s i f i e d  , t h e  t r a n s m i k 3 _  

or r e v e l a t  i c h  i n  any rr.ar.L-5 
to an  unau 
by l a w .  

( l ) " T r i p  Repor t  - LEM Descent Engine 9 t h  

( 2 ) 1 r T r i p  Repor t  - LEM Descent  Engine ,  

TRW/Systems, Redondo Beach, December 3 ,  1 9 6 5  
December 1 4 ,  1965.  

TRW/Systems, Redondo Beach, C a l i f o r n i a ,  
S c h r e i b ,  J r . ,  S e p t e n b e r  11, 1965.  
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M .  Savage - NASA/mat 

M .  L.  Seccomb - NASA/MAP 

T.  A .  Keegan - NASA/MA-2 

G .  M .  Anderson 
C .  Bidgood 
J .  0 .  C a p p e l l a r i  
J .  P .  Downs 
D .  R .  Hagner 
J .  A .  Hornbeck 
B.  T. Howard 
D .  B .  James 
J .  Z. Menard 
C .  R .  Moster  
T. L. Powers 
I .  M .  Ross 
P .  F.  Sennewald 
T .  H .  Thompson 
G .  B .  T r o u s s o f f  
R .  L .  Wagner 
Department 2 0 3 1  
Department  1023 
C e n t r a l  F i l e s  
S e c u r i t y  
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LEM DESCENT ENGINE ITEMS 

Duty Cycle :  (See  3 f i g u r e s  and 2 t a b l e s  a t t a c h e d )  

- The December (1965)  c y c l e  i s  l a t e s t ;  s p e c i f i e d  by G A E C .  
- There have been  numerous a l t h o u g h  n o t  d r a s t i c  changes .  
- D i f f e r e n c e s  s t i l l  remain between t h o s e  b e i n g  s p e c i f i e d  

and t h o s e  a r i s i n g  from s i m u l a t i o n s .  

Per formance:  (See  f i g u r e  and summary of  Engine T e c h n i c a l  Requi rements )  

- Tests  o f  Mod 29 i n j e c t o r s  c o n t i n u e  t o  g i v e  s c a t t e r e d  
per formance  r e s u l t s  ( f a l l i n g  between t h e  TRW maximum 
estimate and t h e i r  p r e d i c t e d  c u r v e  i n  t h e  f i g u r e ) .  

- GAEC s i m u l a t i o n s  ( J u l y  6 5 )  w i t h  a 32,500 l b  LEM f o r  a 
803 s e c  d e s c e n t  i n d i c a t e d  a p r o p e l l a n t  consumption o f  
17,230 l b  f o r  t h e i r  "Required" Aug. 65  c u r v e  and  17 ,378  
l b  f o r  TRW " P r e d i c t e d "  (Mod 2 9 )  c u r v e .  S p e c i f i e d  u s a b l e  
c a p a c i t y  i s  17 ,360 .  

- 30% t o t a l  t h r o a t  e r o s i o n  had been  p r e d i c t e d .  T h i s  c a u s e s  
a 5% t h r u s t  i n c r e a s e  i n  400 s e c  and a per formance  d r o p o f f  
o f  2 4 s e c .  

0 - TRW s a y s  Barr ier  Cooling t e s t s  i n d i c a t e :  (5r.c (-4h 
w ~ e ) c \ e  ' 

1 - No n e t  t h r o a t  a r e a  change i n  400  s e c  a t  f u l l  F w i t h  
95.8% C *  

- S t a b l e  a t  93, 50 and 30% F 

- No change i n  C* 

- Compatible  w i t h  1 0  t o  1 t h r o t t l i n g  

( C o n f i g u r a t i o n :  36 i n j e c t i o n  h o l e s  i n  f a c e  p l a t e ;  10% of 
f u e l  u sed  i n  b a r r i e r ) .  

Combustion: 

- Bomb s t a b i l i t y  - demons t r a t ed  a t  1 0 0 ,  50, and 10% 
t h r u s t  w i t h  f o u r  bomb l o c a t i o n s .  

- Some l i g h t w e i g h t  head ends  show mid-range (30-50%F) 
roughness .  ( A  f u e l  v e l o c i t y / i n j e c t o r  con tour /pe r -  
formance problem.)  

T h r o t t l i n g  : 

- More da ta  needed t o  c h a r a c t e r i z e  Mix tu re  R a t i o  
changes d u r i n g  t h r o t t l i n g .  A c h a r a c t e r i s t i c  " d i p "  
i n  t h e  MR vs F c u r v e  makes i t  more d i f f i c u l t  t o  
meet t h e  s p e c .  

- "Head end s tops ' '  f o r  f i x e d  h i g h  l e v e l  t h r u s t  have l e d  
t o  mechan ica l  and e l e c t r i c a l  changes i n  t h e  a c t u a t o r .  
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A l t i t u d e  S t a r t s :  

- TRW has "demonst ra ted"  a l t i t u d e  s ta r t s  a t  1 0 0 ,  9 0 ,  
50 ,  30,  and 1 6 %  F .  

- These s t a r t s  may b e  of q u e s t i o n a b l e  v a l u e  b e c a u s e  
t e s t  s t a n d  (VETS) dead end "vacuum" i s  1 t o  2 p s i a .  
There  i s  a l s o  some q u e s t i o n  o f  o p e r a t i o n a l  p r o c e d u r e  
( e x :  u se  of  p u r g e s ) .  

Mechanica l  : 

- Long d u r a t i o n  runs  are conf i rming  a b l a t o r  d e s i g n  
( u s i n g  p r e v i o u s  d u t y  c y c l e  c h a m b e r s ) .  

- N e e d l e - f e l t  s u c c e s s f u l  as a s u b s t i t u t e  f o r  s i l i c a  
p a p e r  l i g h t w e i g h t  chamber i n s u l a t i o n .  

- Chamber d e s i g n  re leased December 1 7 ,  1965. Design 
margins  and d u r a b i l i t y  must b e  de t e rmined  b e f o r e  f i n a l  
re lease .  

- Ligh twe igh t  head ends  ( i n j e c t o r s )  b e i n g  f a b r i c a t e d .  
A l l - s t ee l  p i n t l e  t i p  s u c c e s s f u l l y  s o l v e d  e r o s i o n  
problem o f  copper  t i p .  

- A Columbium nozz le  e x t e n s i o n  has s u r v i v e d  rough 
t r e a t m e n t  i n  t e s t .  F a b r i c a t i o n  and q u a l i t y  problems 
may come up .  

- P r o p e l l a n t  s h u t - o f f  v a l v e  sea ls  have been  l e a k i n g .  

T e s t i n g  F a c i l i t i e s :  

- AEDC p r o d u c i n g  l i t t l e  s i g n i f i c a n t  da ta .  

- HATS f a c i l i t y  m o d i f i c a t i o n  f o r  ex tended  d u r a t i o n  i s  
on t i g h t  s c h e d u l e .  

Weight:  

- December weight = 396 Spec = 390 

- Weight s t u d y  of 33 p o t e n t i a l  i tems t o t a l i n g  1 7  l b s  
underway. 

S c h e d u l e :  See a t t a c h e d  compara t ive  s c h e d u l e .  
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